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spacing. We assume that tlom-clearing gaps iboth beams
are of the same length, and that the bearasstored irsuch a

Abstract

The dipole force on the beamscaused by the parasitic
collisions (PCs) induces closedorbit distortions in the
interaction region (IR): “typical” bunches (those &away from
the ion-clearing gap)collide center-on-centewith a small

way that gapscollide” with gapsandbeams with beams. In
other words, we assume that the bunch athtreel ofthe train
in one beam collides at the IWth the bunch at théead of
the train in the other beam.

horizontal crossing angleépacman” bunches (those close to  The general expression fahe closedorbit distortion X,
the gap)not only collide at anangle, but theircenters are and slopeX;, (relative to the nominal orbit) at abservation
displaced asvell; andthe orbit separatiobetweenthe beams point o produced by discrete kicksX; are given, to firsorder

at the PCs is different from nominal. We evaluate tleffeets
as a function of horizontal tune ffirst-order approximation.
This analysisyields one set of constraints thee absolutely

necessaryalthoughfar from sufficient, for reliable operation.

We concludehat the crossing angland orbit displacements an

are small except fortune values very close to thateger
(above or below), and that fractional tufe8.35 are favored.

1 INTRODUCTION

The PEP-II design [1] calls for head-on collisions with
magnetic separation in the horizontal plaméis separation

scheme entails unavoidable PCs near the interaction (@B)nt

whoseeffects onthe beam-beam dynamics have bestadied
quite extensively [1,2].

In this article weaddresghe orbit distortioncaused by the
net attractive force between the beams. The roaisequences

that might berelevant tothe beam-beam dynamicare an
inducedhorizontal crossing angleggnd achange inthe orbit
separation at the PCs. If the beanee uniformly populated,

the crossing anglevould be the same for all bunches.
However, the existence of an ion-clearing gap complicates

matters a bit: thosbunchesearthe head orthe tail of the

train (dubbed “pacman bunches”) do not experience all PCs and
hence their crossing angles are different fitbiwse bunches in
the middle of the train (dubbed“typical”). Pacman bunches

also collide off-center due to the imbalance of thefaetes to
the right and to the left of the IP. Typidalinchesexperience
only a crossing angle without orbit separation at the IP.

2 CALCULATION

The basic bearmparameterandoptics of the IRare given in
Ref. [1]. There are four parasitic collision points on eitside
of the IP,andthe optics is symmetrical about the IP tims
region. The PCs are spaced by 63 cm, which is halbtimeh

Twork supported by the DirectoQffice of Energy Research,

in AX,, by
X, = Zi:nv zAxkf cos(Agy — mv) (1)
,_dXy _ 1
X5 = AT Y DXi/By (sin(ag, - mv)
— a; cos(Ag, - Tv)) (2)

where Ag, is the horizontal phasadvance opoint k relative
to o andv is the horizontal tune. The phaadvancesAg,
must becomputed bygoing from o tok in the samesense
around thering for all k, so that theyarealways= 0. In our
case, the kicksAX; are produced byhe PCs. Each bunch
experiencesour PCs oneitherside ofthe IP,andthese PCs
are labeled k = —4,...,4, as shown in Fig. 1.
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Fig. 1: Plan sketch of the IR showing all fd@€s oneither
side of the IP. Black bunchesare shown in theiractual
position. White bunches show the positions of the R@en
the bunches move by half of a bunch spacfbBB=Ilow-
energy beam, HEB=high-energy beam).

If the horizontal displacemertandazimuthalcoordinates
(for both beamspoint in thedirection as sketched iRig. 1,
then the kicks fok > 1 are given by
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where the Av's are the usual phaseadvances.For other
observation points (e.g., at a PC location), somethete

phase advancanay have to be shifted by72v. Whatever the
observation point is, the phase advadgg is given by

_m, s=o._
B = %va, s=o, ©)
3 RESULTS

We have computethe orbit distortionsandslopes for typical

and pacman bunches at the IP and at all RiDs [3]. Here we
present only the salient results. The PEBdsigncalls for a
train of 1658 bunchesollowed by an ion-clearinggap of
length equivalent to 8&unches. Sinceachbunch could, in
principle, experience &ollision at the IP plus fouPCs on

either side of the IP, there are four pacman bunches dietde

Fractional horizontal tune

Fig. 2: Horizontal slopes at arEB point immediately
upstream of the IP, and full crossing angle of typical bunches.
The crossing angle isomputedassuming the sanfeactional
tunes in both beams.

3.2 Results for pacman bunches.

Figure 3 shows the absolutéedrelative displacements of the
orbits of the 1spacman bunches #te IP. Bothbunches are
typically displaced tothe sameside of the nominal orbit
because the net imbalance of thecesfrom the PCs issuch
that theheadbunches of both beanssepulled in the x<0
direction. By symmetry, the last bunches at this of the
beamsare pushed towardg >0 by the same amount as the
head bunches are pushed towaxds 0. The magnitude of the

of the trainand four at thetail. We label theheadpacman displacement of the 1gtacman bunch frorits nominal orbit
bunches 1, 2, 3 and 4, where #1 is first one. Pacman bunchs#4 10 um for most values of the tundlore interestingly,
of the LEB experiences collisiolks= 0, 1, 2, 3 and 4, where Othe displacement obne bunch relative to the other, which is
is the main collision at the IP; bunch #&periences what matters for thdbeam-beam dynamics, BX < 2 um.
collisionsk = -1, 0, 1, 2, 3and 4,etc. The remaining 1650 These numbers are small compared torthe bunch width of
(typical) bunches experience all ninellisions, namelyk = —

4, ..., 4.

152 um.

3.1 Results for typical bunches.

The orbit distortion, Eq. (1), is geriodic function of v with
period 1, so that only the fractional part of the tune matters in
this approximation. It is also easipeen from Egs. (1-5) and
the symmetry of the IR optics that the orbit distortions at PCs
to the left of the IP (k = -1,.. , —4) are of the same
magnitudeand opposite sign as those to the right of the IP.
Similarly, the orbit distortion of a given tgilacman bunch is
of the same magnitudand opposite sign as thafor the
corresponding head pacman bunch at the same location.

The symmetry of the IR optics implies that typical
bunches haveX, =0 and X; # 0, leading to #inite crossing
angle, as shown in Fig. 2.
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from the PCs is so smadibr nominal PEP-llparameterghat

1or | | | | ] it is expected tohave anegligible effect on the dynamics

L A [4,5,6]. The firstand last pacman bunchegxperience the

- Pacman bunch #1 at IP ," 8 largest o_rbiF sepa}ration at fthe IP. Typical bunabgserience a .

r b larger shift in orbit separation at the PCs, and a larger crossing
51— dashed: X, (. angle at thdP, thanpacman buncheg8]. More specifically,

I dot—dash: X_ ] our results can be summarized as follows:

solid: AX=X,—X_

4.1 Crossing angle.

For fractional horizontatunes in theange0.15 < v < 0.85,
typical bunches collidevith a horizontal crossing ang|e| <
0.1 mrad, assuming the samfactional tune for the two
beams. The 1st pacman bunches collide at a smaller dggle,

Orbit displacement [um]

-5 A 7 < 0.05 mrad, and the other pacman bunches collide at angles in
i R ) between0.05 mrad and0.1 mrad. It is alwayspossible to
I ;7 1 cancel the crossing angle provided that one beaniraet®onal
L) i tune > 0.35andthe other < 0.35. In angase, the crossing
_qoledu 1 cl L L : angle is much smaller than the ratigo, = 15.6x 1073, and
0.0 0.2 0.4 0.6 0.8 1.0 therefore this crossing angle effeceigoected to baegligible
Fractional horizontal tune [5].

Fig. 3: Orbit distortions of the head pacman bunches at the 422 Orbit separation.
The change in orbit separatidX is computedassuming that

the two beams have the same fractional tune. Pacman bunches colliddf-center atthe IP. The 1sfpacman

bunches at the head of the trajaadthe lastpacman bunches
at the tail), have the largest orbit displacements.fiaational

Figure 4 shows the absolute orbit separatietween the
g b tunes in therange0.15 < v < 0.85, the bunclcenters are

two beams at the IP for all four pacman bunches alhe¢hd of . ) c
the train. It is clear that the largest effect is for the gegiman displaced from the nominal orbit Hi.| < 10um, which is<

bunch(we recallthat typical bunchebave zeroseparation at 7,% of 'the ms beam sizeg, = 152 pm. Multlpart|gle
the IP). simulationsfor displacedbeams [6] suggest that separation

of this magnitude should have megligible effect on the
2 ‘ luminosity performanceEven better, if the two beantsave
the same, or comparableactionaltunes, the bunches in the
two beamsare displacedo the sameside of the IP, so that

i Pacman bunches at 1P , their centersare displacedrom eachother by an even smaller
1= solid: pacman bunch #1 amount,|AX| < 2um, which is negligible. If the beantgve
- dot—dashes: pacman bunch #2 § substantially different fractional tunes, however, thebunch

i dashes: pacman bunch #3 i1 separation can be significant.

I dots: pacman bunch #4 1 The beam separations of all bunches (typ&al pacman)

. at all PCs are modified from the nominal values. At any given
PC the fractionathange inorbit separationAd/d, is largest
for a typical bunclandsmallest for thehead pacmanbunch.
For any given bunch, theffect islargest at the 1st PC and
smallest at the 4tF°C. The changeAd/d can bepositive or
negative: if the beams haeemparable fractiondguines in the
range 0.1% v < 0.85, the magnitude of the effefid/d|, is at
most 1.5%, which is negligible.

Orbit separation [um]

_o L 4.1 Tune values.

0.0 0.2 0.4 0.6 0.8 1.0
Fractional horizontal tune A positive value of Ad/d indicates larger-than-nominal

separation, which igavorablefrom the perspective ofoeam-
Fig. 4: Beam orbit separation at the IP for all folread beam dynamics. For all bunches, and forRdls, Ad/d is > 0
pacman bunches. for v 2 0.4 and thus this is thefavored range oftunes
(assumingequal fractional tunes for the two beams). The
4 CONCLUSIONS crossing angle vanishes for = 0.35, but it is notlarge for
Unless the tune is very close to an integer value (betow @any reasonable value of the tune. Thus the dynamics favors the

or from above), weconcludethat the closedorbit distortion range of fractional tune& 0.35.
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